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[5 7 ] ABSTRACT 
A process for dyeing keratinous ?bers such as hair 
which comprises reacting the hair with a dyestuff of 
the general formula 

X-E-SR 
where X is a chromophoric group, such as a group 
formed by coupling a phenylene diazonium salt with a 
diazo coupling compound, and where R has the for 
mula —R’COOH, —R’COOCH;,, —-CH2CH2O1-l or 
—C1-l3 in which R’ is an alkylene group containing 1,2 
or 3 carbon atoms. The process gives good coloring of 
hair without damaging the condition. 
The invention also relates to novel dyes for use in the 
process and to processes for their production, and to 
dyeing compositions containing the dyes. 

9 Claims, No Drawings 
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DYEING KERATINOUS FIBERS 

This application is a continuation-in-part of Ser. No. _ 
282,196, ?led Aug. 9, 1972 now abandoned, which is a 5 
continuation-in-part of Ser. No. 21,498, ?led Mar. 20, 
1970 now abandoned. ' - 

This invention relates to a process for dyeing kerati 
nous ?bres and to compositions for use in such a pro 
cess. The invention also concerns novel vvdyesv for dyeing 
the ?bres and to processes for ‘the production of such 
dyes. ' ' ' ‘ ‘ ‘ 

According to the invention there is provided a pro 
cess for dyeing keratinous ?bres‘which comprises re 
acting the keratinous ?bres with ‘a dyestuff of ‘the gen7 
eral formula ' “ " v 1S 

x_a_sR (l) 

where X is a chromophoric group and where R has the 
formula 

-R'COOCH3 

' or -CH3 

in which R’ is an alkylene group containing 1,2 or 3 
carbon atoms. 

In a second aspect of the invention there is provided 
a keratinous ?bre-reactive dyestuff of the general for 
mula I where X and R are as de?ned above. 
Further the invention comprises a composition for 

dyeing keratinous ?bres comprising an aqueous solu 
tion of the keratinous ?bre-reactive dyestuff as de?ned 
above together with a surface active agent and/or a 
thickening agent. 

‘ The invention also includes a process for preparing a 
‘ dyestuff having the general formula ‘ 

S 

where 
, R is as de?ned above, 
R2 is the residue of a diazo coupling compound, 
Y is a phenylene or substituted phenylene group, and 
n is l or 2, which process comprises reacting a 
diazonium salt of the general formulav I i 

I where Z is a cation, with a diazo coupling compound, 
In a ?nal aspect the invention provides a process for 

preparing a diazonium salt as de?ned above which 
fcomprises 

\ a. treating a compound of the general formula 
I ‘ AcHN-Y~CHO ’ 

where 
Ac is an acyl group and ' - - ~ 

20 

b. hydrolysing this compound to remove the acyl 
group, 

c. treating the resulting compound with an a 
bromocarboxylic acid or ester of the formula 
BrR’COOH or BrR’COOCH3 where R’ is as de 
?ned above to form a compound of the general 
formula 

snucooH 

Br 

'' d. treating compound with hydrogen sulphide to 
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Y is as de?ned above with a mixture of ‘piperidine - 
and sulphur to form a compound of the general‘ 
formula 

65 

form a carboxy-alkyl carbodithioate compound 0 
the general formula . 

s 

H,N_Y_i‘i_R'cooi-| 
and optionally ’ 
e. treating the carboxy-alkyl carbodithioate com 
pound with 'ya thiol of the formula HSCH2Cl-l2Ol-l to 
form'a compound of the general formula 

f. treating the carboxy-alkyl carbodithioate com; ‘ 
pound with a thiol of the formula HSCH3 to form a 
compound of the general formula 

rim-141.150", 
and 

g.z-'dia'zotizing the. 
nium salt. . v a 

In a preferred embodiment of the process of dyeing 
keratinous ?bres the ?bres are, before reaction with 
the dyestuff, pre-treated with a reducing agent capable 
of reducing the 3-8 bridges in the keratin of the ?bres 
to -SH groups. This preferred method results in much 
more intense colours being obtained. In another way of 
performing the dyeing process the keratinous ?bres are 
treated with a reducing agent simultaneously with the 
reaction with the dyestuff. Preferably the reducing 
agent used is a thioglycolate that is thioglycolic acid or 
a salt therefore or a mercaptan. 
' * The pH of the aqueous dyeing medium is desirably of 
from 4 to 12, preferably 8 to >10. ' 
The colours produced by the dyeing process are fast 

because reactive dyeing takes place. A further advan 

resulting amine to form a diazo 



tage is that, as described in more detail below, only 
mild conditions of treatment are necessary. 
The preferredykeratinous ?bre-reactive dyestuff has 

the general formula 

where 1, ’ I, .‘ 

_ R" is as defined above, 
' R2 is=the residue of a diazo coupling compound, 

, Y is'va phenylene or substituted phenylene group, 
and 
nis1or2. 
Examples of keratinous ?bre-reactivev dyestuffs 

within the scope of the invention are indicated below in 
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EXAMPLE 1 
l ~(4-Acetamidothiobenzoy1)piperidine 

\ W-Q-C-O 
l0 4-Acetamidobenzaldehyde (81.8 g, 0.5 mole), piper 

idine ‘42.6 g, 0.5 mole), sulphur( 16.0 g, 0.5 mole) and 
pyridine (85‘ ml) were mixed together and re?uxed for 
4 ‘hours with stirring.,After ,coling to room temperature, 
water‘(5’0 ml) was added and the reaction mixture was 

15 acidi?ed with concentrated hydrochloric acid in the 
cold. The crystalline solid which formed was ?ltered 
off, washed with water and dried in vacuo at a tempera 

Table 1_ ture of under 50°C. Recrystalisation of the crude prod 

Table 1 

Diazo Coupling Compound (R’H) R Dyestul’f Shade 
No 

l-naphthol-4-sulphonic acid CH2COOH 1 vRed 
4—chloro-3-( 3-methyl-5 -oxo- CHZCOOH 2 Yellow 
Z-pyrazolin- 1 -yl )benzene 01-50520" 2A Yellow 
sulphonic acid ‘ 
2,5-dichloro-4-(3-methyl-5- CH2COOH 3 Yellow 
oxo-2-pyrazolin- l~yl ) 
benzenesulphonic acid 
7-amin0~l-naphth0l-3-sulph0nic CHZCOOH 4 Reddish Vi. > 
acid CH¢CH2OH 4A Reddish Vi. 
6-amino-1-naphthol-3-sulphonic CHZCOOH 5 Red 
acid CHZCHZOH 5A Red 
7-acetamido- l -naphthol-3- CHZCOOH 6 Red 
sulphonic acid ' ’> ' ~' ' * 

8-amino- l -napht.hol-7-phenyl- CHQCOOH 7 , Violet 
azo-3,6-disulphonic acid .CHZCHZOH 7A Violet 

' CH; 73 ‘ Violet 

S-amino- l -naphthol-7-( 4- CH2COOH 8 Violet 
dimethylamino-phenylazo) 
3,6-disulphonic acid 
6-amino- l -naphthol-5-( 4-di- CH,COOH 9 Brownish 
methylaminophenylazo)-3- CHzCHzOl-l Red 
sulphonic acid ' 
8-amino-l-naphthol-7-(4-dimetl1yl- CHICOOHA 10 Blueish Grey 
aminophenylazo)-5-sulphonic CHzCHzOl-l 10A ‘ 
acid '. ‘ 

8-amino-1-naphthol-7-(4-acetam- CHgCOOH l 1 I Violet 
idophenylazo)-3,o-disulphonic 
acid . _ ' 

8-amino- l -naphthol-7-( 4-acetamido- CHZCOOH 12 Blue 
phenylazo)-5-sulphonic acid 
7-methylamino- 1 -naphthol-3- CHZCOOH l 3 Brown 
sulphonic acid 
8~acetamido-l~naphthol-3,6- CHZCOOH - 14 Red 
disulphonic acid 

As implied above, the above diazo dyestuffs were 50 “Ct (120 g) fl'ql? ethanolgave Pale yellow crystals (10 
prepared by diazotising the amine of formula‘ 

vC-SR 

g; 82.4%), m.p.' 202°-203°.' v ‘ 

l-(4-Aminothiobenzoyl)piperidine 

55 S 

@Qli) * 
6° 1-(4-Acetamidothiobenzoyl)piperidine (131.2 g, 0.5 ‘ 

mole), ethanol (500 ml), water (1 l) and concentrated ’ 
sulphuric acid (125 ml) were mixed together and re 

and ,reactingjthe, resulting diazonium with a diazo 
coupling compound in alkaline solution. _ 
;..The following examplesxillustrateqthe preparation of 65' 
four amines of the above general formula, in which R is 
—Cl-l2.COOH, —CH2CH2OH, —CH3 and —CH~ 
2COOCH3. 

?uxed for 16 hours with stirring; nearly all the solid 
dissolved during the-?rst hour. The reaction mixture 
was ,cooled to about 40°C and ?ltered quickly’ to ‘re 
move any insoluble material. The ?ltrate was then 
made alkaline with 6N sodium hydroxide solution using 
external ice-cooling. The yellow crystalline solid was 
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?ltered off, washed with water: and dried in vacuo at a 
temperature of under 50°C.‘ Recrystallisation of,‘ the 
crude product ,(91 g; m.p. l62°—l64°) by dissolving in 6 
volumes of warm chloroform'(about 546 ml) followed ' 
by adding 5 volumes of petroleum ether (up. 40°.-60°). 
(about 455 ml) yielded 7 yellow crystals (85 g; 77.3%), 
m.p. l64°—165°. j ' ' _ . ‘ . 

Carboxymethyl 4-Aminobenzenecarbodithioate ’ 

. A solution of bromoacetic acid (41.7 g, 0.3. 

5 
ll. 
.C-scHé'cooH 

mole) in dry l.,2-dichloroethane(about 85 ml) was“ 
added to a warm solution of l-(4-aminothiobenzoyl)-. 
piperidine (66.0 g, 0.3 mole) in 12 volumes of dry 
1,2-diehloroethane (about 792 ml). After 16 hours at 
room temperaturefthe gummy S-carb0xymethyl-(4 
aminothiobenzoyl)piperidinium bromide was sepa 
rated by decanting the supernatant liquid, washed 
quickly. withla. small amount of dry ether and used 
immediatelyin the next reaction. 7 ‘ 

gummy material in the same ?ask, and a slow steam of 
dry hydrogen sulphide gas was passed into thevstirred 
mixturevunder anhydrous conditions. When the reac 
tion mixture'becam'e vhomogenous (about 1-2 hours), 
hydrogen sulphide gas was passed through the reaction 
mixture for a further 2-3 hours with externalice-cool 
ing. After storagefor 16 hours at 0°-5°C, the reaction 
mixture was poured into 3 volumes of ice-water with 
stirring. The yellow powdery precipitate was ?ltered 
off, washed with water and dried in vacuo at a'tempera 
ture of under 50°C. One crystallisation of the crude 
product (m.p. 120°—l21°; 62.4 g or 87.2% based on 
l-(4»arninothiobenzoyl)piperidine) by dissolving ‘in 5 

' volumes of warm methanol followed adding ‘5 ‘vol; 
umes of warm water furnished the pure product, m.p. 
l30°—l31.5°(55.8 g; 81.9% based on 'l_-(4~arninothi' 
obenzoyl)-piperidine). “ ' I . _ - . 

EXAMPLE 2 

Z-Hydroxyethyl 4-Aminobenzenecarbodithioate 

NH u’; 2 C—SCH2CH2OH . v 

Absolute ethanol (ca 540 ml) wasadded to the above , 
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Crude carboxymethyl 4-aminobenzenecarbodithio 
ate (7.48 g, 0.033 mole) was dissolved in 0.5 N (66 ml) 
sodium hydroxide solution containing 10% by weight of 
sodium bicarbonate and the solution was ?ltered to 
remove traces of insoluble material. 2-Mercaptoe 

65 

6 
thanol (2.9 g, 0.037 mole) .was added to the stirred 
?ltrate, and the reaction mixture soon became turbid as 
theproduct began to separate out. After standing for 1 
hour at roomtemperature, the orange precipitate was 
?ltered off, washed with: water, and dried in vacuo at a 
temperature of below 50°C. The yield of the product, 
an orange crystalline powder, m.p. 87.5°—89.5° was 
6.13 gm 87%. . ' 

EXAMPLEG" 

’ /_ Methyl 4§Aminobenienec'arbodithioate 

~ s 

ll 
lc-scna 

Methyl mercaptan was passed into a?ltered solution 
of crude Carboxymethyl 4-arninobenzenecarbodithio 
ate (7.48 g, 0.033 mol)in 66 ml of 0.5 N of sodium 
hydroxide solution containing 10% by weight sodium 
bicarbonate under external ice-cooling for about 10 
minutes. A yellow precipitate separated out gradually 
as the colour of the‘ aqueous solution was discharged. 
After standing for 1 hour at 0°-5°C, the precipitate was 
?ltered off, washed with 10% by weight sodium bicar 
bonate solution, then with water and dried in vacuo at 
a temperature of below 50°C. The yield of the yellow‘ 
crystalline powder, m.p. 74.5°—75.5° (decomp) was 
5.3 g or 87.7%. 

EXAMPLEA 
. ~~ ' . Methyl Ester of ‘ 

S-Carboxymethyl-(4-aminothiobenzoyl)piperidinium 
- ' ‘ Bromide 

, SCH2C00CH3 

‘MfQLNQ: ‘B. 
A solution of methyl bromoacetate (23.0 g, 0.15 

mole) in dry 1,2-dichloroethane (230 ml) was added to 
_ av-warm solution, of 1-(4-aminothiobenzoyl)piperidine 
(33.0 g, 0.15 mole)v in volumes of dry 1,2-dichloroe 
thane (ca. ,396 ml). Afterv storage for 2-3 days, the 
yellow crystalline solid was ?ltered o?, washed with dry 
ether and. dried in a vacuum desiccator over phospho 
rus pentoxide to give the bromide (56 g; quantitative 
yield) as yellow crystals, m.p. l56°—l60° (decomp.). 
The crude product was suf?ciently pure and was used 
immediately inlthe next reaction. 

Methyl Ester of Carboxymethyl 
4~Aminobenzenecarbodithioate 



3,966,397 
7 

A slow ‘steam of dry hydrogen sulphide gas was 
passed for 2-3 hours through a stirred suspension of the 
methyl ester of S-carboxymethyl-(4-aminothioben 
zoyl)piperidinium bromide (56 g, 0.15 mole) in abso-v 
lute ethanol (500 ml) using external ice-cooling. The 
reaction mixture soon became red and homogeneous. 
After overnight storage at 0°—5°C, the reaction mixture 
was poured into 5-volumes of ice-water and the crystal 
line precipitate was ?ltered off, washed with water and 
dried in vacuo at a temperature of below 50°C. The 
yield of the product, yellow crystals, m.p. 89°—90°, was 
29.5 g or 81.5%. 
A general method for the preparation of an azo dye 

in accordance with the invention is described in the 
following examples. Example 5 describes a general 
procedure for preparing a diazonium salt solution, Ex 
ample 6 a procedure for preparing a solution or suspen 
sion of a coupling compound and Example 7 a proce 
dure for performing the diazo coupling reaction. It will 
be appreciated that the structure of the resultant dye 
stuff can be varied by varying the nature and relative 
proportion of the amine and the diazo coupling com 
pound. ~ 

EXAMPLE 5 

Diazonium salt solution 
r . 

An'amine of the generalformula 

“ (0.1 mole) is dissolved in 10 volumes of 80% acetic 
acid by warming to about 45°C on a water-bath. To the 
above stirred solution concentrated hydrochloric acid 
(27 ml, 0.3 mole) is added and the resulting suspension 

‘.is diazotized with a solution of pure sodium nitrite 
‘ (6.90 g, 0.10 mole) in water (35 ml) at 0°—5°C. The 
amine hydrochloride dissolves to give a clear dark-red 
solution. After 15 minutes, any excess nitrite present is 
destroyed by the. addition of urea. 

EXAMPLE 6 

Coupling Compound Solution (or suspension) 
A minimum amount of 2 N sodium hydroxide solu 

tion is added to a suspension of a coupling compound, 
for example N-acetyl gamma acid (0.1 mole) in water 
(100 ml) to e?‘ect solution. The solution is then cooled 
to 5°C, stirred vigorously and acidi?ed with 2N hydro 
chloric acid solution to pH 4. 

EXAMPLE 7 

Diazo Coupling 
The diazonium salt solution prepared in Example 5 is 

poured into the coupling compound solution prepared 
. as in Example 6 at 0-5°C with stirring. After the addi 
tion, the pH of the reaction mixture is adjusted to about 
5 with concentrated sodium hydroxide solution. After 
stirring the reaction mixture at room temperature for 
an hour the dye is precipitated completely by the addi 
tion of solid sodium chloride (15%, w/v) to the stirred 
suspension and the pH of the mixture is adjusted to 5. 
The dye is ?ltered o?', washed with 10% sodium chlor 
ide solution and dried in vacuo below 50°C. 
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As indicated above it has been discovered that more 
intense shades are obtainable if the hair is treated to 
provide more sulphydryl groups by reducing the disul 
phide bridges of the keratin to sulphydryl groups. The 
reduction may either be e?‘ected before the treatment 
of the ?bre with the reactive dyes of the invention or it 
may be effected simultaneously with the dyeing treat 
ment. From the point of- view of convenience to the 
user it is preferable that reduction should be effected 
simultaneously with dyeing so that treatment is a one 
stage process. Thioglycollic acid and mercaptoethanol 
are reducing agents which we have found to be suit 
able. 
In some cases, particularly where the reactive dye 

stu?‘ is only sparingly soluble in water, it has been 
found advantageous to add small quantities of deter 
gent to the dyeing solutions as a solubiliser for the 
dyestuff. 
The addition of an organic solvent, for example an 

aliphatic alcohol, in particular ethanol, can help to 
improve the match between the dyeing solution and the 
dyed hair. ‘ 
The following example illustrates the use of a ?-'v 

brereactive dyestu? in a process of dyeing hair in ac 
cordance with the invention. ' ‘ 

EXAMPLE 8 
A switch of virgin blonde Italian Blue String hair was 

immersed in a dyeing solution (liquor. to hair ratio 2: 1) 
for 20 minutes at 35°C. The dyeing solution was gently 
agitated periodically. » 
The dyeing solution had the following composition 

% by weight 
2-Merc aptoethanol - ' _ S . 

Dyestu?‘ No 4 (Table l) , - 5 
Nonionic surface-active agent 1 

balance to 100 Water > 

I I The solution was adjusted to pH 9 with sodium hyé 
droxide solution. 
After removal from the dyeing solution and washing 

in running water, the hair switch was seen to be dyed to 
an intense reddish violet shade. 
The wash fastness to shampoo of hair dyed with the 

above dyeing solution is comparable to that of com 
mercial permanent oxidation hair colourants. 
The following example illustrates a process in accor— 

dance with the invention in which, prior to the dyeing 
step the hair is reduced with ammonium thioglycollate. 

EXAMPLE 9 

A switch of virgin blonde Italian Blue String hair was 
reduced using a dilute commercial permanent waving 
solution containing 2.0% by weight of thioglycollic acid 
for 20 minutes. The switch was then washed. 

It was then dyed using the procedure of the previous 
example with a dyeing solution having the following 
composition. 

% by weight 
‘ Dye'stuff No 2 (Table l) 2.00 

Sodium lauryl sulphate 0.01 
Acrylic thickener 0.1 
Phosphate buffer solution 

balance to 100 

Water 
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The pH of the dyeing solution was buffered at pH 6.4. 
The hair switch was dyed to a golden yellow shade. 
No noticeable colour fading of any of the hair 

switches dyed with the reactive dyes of the invention 
was observed, even though they were exposed to bright 
sunlight in the laboratory. 
As regards the physical properties of the dyed hair 

switches, comparison of dyed and undyed ?bres at 
100% and ambient relative humidity reveals no signi? 
cant difference in the load/extension behaviour in the 
5-20% stretch region. However, at high humidity, loads 
that produce extensions of more than 20% in undyed 
?bres will cause greater extensions in dyed ?bres al 
though this weakening under high load and humidity is 
not disadvantageous in practice. In general, hair condi 
tion of the dyed switches was maintained satisfactorily. 
What is claimed is: 
l. A process for dyeing hair which comprises con 

tacting the hair with a dyestuff, the dyestu?‘ being 
solubilised in an aqueous or alcoholic medium and 
being of the formula 

wherein 
. R is selected from the group consisting of 
'- R’COOH 

. -R’COOCH3 

‘-I CHZCHZOH 
and, 

- CH3 

in which R’ is an alkylene group containing 1, 2 or 3 
carbon atoms, 
R2 is the residue of a diazo coupling compound, 

‘ Y is a phenylene or substituted phenylene group and 
. n is 1 or 2. 

, ‘2. A process for dyeing hair according to claim 1 
wherein prior to or simultaneously with contacting the 

- ,hair with the dyestu?', the hair is treated with a reduc 
ing agent capable of reducing the 8-8 bridges in the 

l'keratin of the hair to -SH groups. 
‘3. A process as claimed in claim 2 wherein the reduc 

' ing agent is a thioglycollate. 
4. A process as claimed in claim 2, wherein the re-v 

ducing agent is thioglycollic acid. 
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5. A process as claimed in claim 2 wherein the reduc 
ing agent is a mercaptan. 

6. A process according to claim 1 wherein the aque 
ous or alcoholic medium is at a pH of from about 4 to 
about 12. 

7. A process according to claim 6 wherein the pH is 
from about 4 to about 10. 

8. A composition for dyeing hair comprising an aque 
ous solution of a surface active agent and a dyestuff 
having the formula 

wherein 
R is selected from the group consisting of 
- R’COOH - 

- R’COOCHs 

- CHZCHZOH 

and, 
- CI-l3 

in which R’ is an alkylene group containing 1, 2 or 3 
carbon atoms, 
R2 is the residue of a diazo coupling compound . 
Y is a phenylene or substituted phenylene group 

and 
n is l or 2. 
9. A composition for dyeing hair comprising an aque 

ous solution of azthickening agent and a dyestu?‘ having 
the formula ’ 

where 
R is selected from the group consisting of 
- R’COOH 

- R'COOCHa 

- CH2CH2OH 
and I 

_ CH3 . J 

in which R’ is an alkylene group containing 1, 2 or 3 
carbon atoms, _ 

R2 is the residue of a diazo coupling compound 
Y is a phenylene or substituted phenylene group 

and 
n is l or 2. 


